Molecular typing by PCR fingerprinting using the single primer (GACA) 4 was performed with 110 isolates of Cryptococcus neoformans. Seventy clinical isolates of C. neoformans var. neoformans from Germany (n 0/52) and Africa (n0/18) were included. Of these, serotype A (C. neoformans var. grubii) accounted for 47 isolates, serotype D for 12 and serotype AD for 11. Fourier transform infrared (FTÁ/IR) spectroscopy was evaluated for its discriminatory power in phenotyping. Molecular types, defined by different PCR fingerprinting patterns, were compared to serotypes, and both sets of results were compared with the results of analysis by FTÁ/IR spectroscopy. PCR fingerprinting revealed genotypic diversity within each serotype; it showed three different genotypes (designated VNA1Á/VNA3) within serotype A, two within serotype D (VND1 and VND2), and three within serotype AD (VNAD1Á/VNAD3). The nomenclature of molecular types within C. n. var. neoformans, as seen in publications to date, is not uniform. In this study, the name assigned to each genotype was based on the 98.6% concordance of genotypes with serotypes, a correspondence that facilitates interlaboratory comparison. This nomenclature is tentatively recommended as a standard. FTÁ/IR spectroscopy combined with hierarchical cluster analysis successfully distinguished C. n. var. neoformans from C. n. var. gattii. For C. n. var. neoformans, FTÁ/IR confirmed three distinct genotypes within serotype A and was able to distinguish isolates derived from particular patients as well as isolates differing at the sub-genotype level. Within C. n. var. gattii, the serotypes B and C did not correlate with the four genotypes VGIÁ/VGIV. However, these serotypes could clearly be separated by FTÁ/IR spectroscopy. The molecular profiles were reproducible, and were more stable and more discriminating than serotyping. In connection with a standardized nomenclature, PCR fingerprinting can be a beneficial tool for global epidemiological studies. FTÁ/IR spectroscopy adds an additional level of resolution.
Introduction
The basidiomycetous yeast Cryptococcus neoformans is an opportunistic pathogen able to cause life-threatening mycoses. It is traditionally considered to consist of two varieties, C. neoformans var. neoformans, which includes serotypes A, D and AD, and C. n. var. gattii , which encompasses serotypes B and C. Recently, it was revised to recognize three varieties instead of two. Based on genetic differences resulting from DNA fingerprint and sequence analysis, serotype A strains are now separated as C. n. var. grubii , while serotype D strains are still classified as C. n. var. neoformans [1, 2] .
A clear position of serotype AD strains as hybrids of serotype A and D [3] is as yet not fully substantiated in relation to in this taxonomy [4] . Due to the frequency of serotype AD isolates in Europe, and their as yet unresolved status in the new taxonomic system, the traditional nomenclature is still favoured in the present study.
In another recent development, recognition of the genetic and biological differences between the traditional varieties C. n. var. neoformans and C. n. var. gattii has led to a proposal to elevate these taxa to species status, namely as C. neoformans comprising the three serotypes A, D and AD and as C. bacillisporus or, as was recently alternatively proposed in an application for nomenclatural conservation, C. gattii representing serotypes B and C [5 Á/7] .
C. n. var. neoformans is the causative agent of clinical types of cryptococcosis primarily affecting immunodeficient hosts, especially patients with AIDS, and only rarely immunocompetent hosts [8, 9] . C. n. var. gattii is considered to have quite different virulence properties in that it is generally seen to cause cryptococcosis independent of the immunological state of the patient [10, 11] .
In nature, C. n . var. neoformans is detectable worldwide in bird droppings, in soil, and on trees [12 Á/14] . Serotype A is predominant. Serotype D is frequently found only in some parts of Europe, especially northern Italy, and it occurs in New York more often than in other parts of North America [15 Á/19] . The prevalence of serotype D in Europe could explain the relatively frequent occurrence of the intermediate serotype AD in this region [16,20Á/22] . C. n. var. gattii is mainly restricted to tropical and subtropical areas. However, this variety has also been isolated in southern Europe [23] and is increasingly seen in connection with other mild climates of the northern hemisphere as well [David Ellis, personal communication] . Serotype B is often associated with Eucalyptus trees [24 Á/26] , while tropical almond trees (Terminalia catappa , unrelated to cultivated almond Prunus dulcis ) seem to be a natural habitat for serotype C [27] .
For genetic and epidemiological studies of cryptococcosis, molecular typing techniques have shown to have discriminative power greater than that of typing with clonal antibodies. Techniques used have included DNA fingerprinting [28, 29] , restriction fragment length polymorphism (RFLP) plus URA5 gene sequencing [2] , amplified fragment length polymorphism (AFLP) [6] , random amplification of polymorphic DNA (RAPD) [30 Á/34] and PCR fingerprinting [20,34Á/38] . This unveiling of genetic diversities beneath the subspecies or serotype level has yielded more detailed population genetics information than was previously available, and has also disclosed new information about phylogenetic relationships within the species complex. Because PCR fingerprinting with the primer (GACA) 4 is favoured worldwide for molecular epidemiological surveys in C. neoformans [34, 39] , this method was chosen for molecular typing of C. neoformans isolates in the present study. The principal aim of the study was to use molecular typing to attain a level of infraspecific discrimination within C. neoformans that would be significantly superior to serotyping alone, and to do so in a way that would produce results with acceptable interlaboratory comparability. The effectiveness of the (GACA) 4 fingerprinting method was evaluated using C. n. var. neoformans and C. n. var. gattii strains.
Fourier transform infrared (FT Á/IR) spectroscopy was used as an additional typing method. This technique provides a fast, easy to use, and highly sensitive method for microbial analysis. FT Á/IR can classify microorganisms at different taxonomic levels without any need for pre-selection of strains by means of other taxonomic criteria [40] . Microbial cells can be analysed without destruction; in the process, highly characteristic spectral fingerprints are obtained. These spectra are complex composites incorporating many different, so-called 'vibrational modes' of the various biomolecules making up the cell wall, the membrane, the cytoplasm, and any extracellular polymers that may be formed [40 Á/45] . This biophysical method can distinguish closely related Candida species and has been used in our own laboratory for this purpose [46] . In tests with a limited number of Cryptococcus strains, FT Á/IR spectroscopy has been shown to separate C. n. var. neoformans from members of other Cryptococcus species [47] . As a second objective of the present study, FT Á/IR was evaluated for its discriminatory power within a representative number of C. neoformans strains already characterized by our PCR fingerprinting and serotyping methods.
Material and methods

Strains
The isolates studied are listed in detail in Table 1 . Some general details are given below.
C. n. var. neoformans. We used 70 clinical isolates from our culture collection. Forty-seven of them had been identified earlier as serotype A, 11 as AD and 12 as D. These isolates came from 18 HIV-infected patients from Africa as well as 38 hospitalized patients in Germany, inclusive of 31 AIDS patients and seven Stock cultures of cryptococcal isolates were kept on ceramic beads (Microbank; Mast Diagnostica, Reinfeld, Germany) at Á/708C. The yeasts were subcultivated on Sabouraud dextrose (SD) agar (Merck, Darmstadt, Germany) at 308C and harvested after 48 h.
Serotyping was performed by latex agglutination (Crypto Check Iatron Laboratories, Tokyo, Japan) according to the manufacturer's instructions.
DNA extraction. Yeast cells (approximately 20 mg wet weight) were homogenized in 300 ml cetyltrimethylammoniumbromide (CTAB) buffer [48] containing glass beads 0.45 Á/0.50 mm diameter (B. Braun, Melsungen, Germany). After 15 min sonication in a water bath, followed by an incubation step at 658C for 10 min, 300 ml ethanol was added and homogenized by vortexing. Total DNA was purified by silicagel columns (Qiamp Mini Kit; Qiagen, Hilden, Germany), according to the manufacturer's instructions.
PCR fingerprinting . The repetitive oligonucleotide (GACA) 4 was used as single primer [20, 34, 36] (Purity degree: desalting; Amersham Pharmacia, Freiburg, Germany). Amplification was performed in 25 ml TrisHCl buffer containing 1.5 mmol/l MgCl 2 , 0.1% Tween 20, 200 mmol/l of each dNTP (Roche Diagnostics, Mannheim, Germany), 50 pmol primer, 1.25 U Bio Therm TM DNA polymerase (Rapidozym, Luckenwalde, Germany) and 50Á/100 ng DNA. PCR reaction started with an initial denaturation step of 4 min at 948C in a UNO II cycler (Biometra, Gö ttingen, Germany). Thermal cycling was performed with 30 s at 948C, 30 s at 478C and 75 s at 728C for 45 cycles followed by a final elongation step of 6 min at 728C. Amplified DNA fragments were separated by electrophoresis (6 ml amplicon/slot) in 1.6% agarose gel in Tris borate EDTA (TBE) buffer and visualized after ethidium bromide staining under UV illumination.
Analyses of PCR fingerprinting profiles
The PCR fingerprinting profiles were assessed visually using a 100-bp DNA ruler (Biorad, München, Germany) as molecular standard. Reproducible, prominent and discriminatory bands in the range of 390Á/1300 bp were used for comparison of the fingerprints obtained in C. n. var. neoformans isolates. Bands between 400 and 1500 bp in size were compared in analysis of C. n. var. gattii profiles. Each pattern containing differing numbers or positions of prominent bands was defined as a separate genotype or molecular type. The series of symbols used to designate each genotype starts with capital letters indicating the variety in traditional taxonomy (i.e. VN or VG). Within C. n. var. neoformans the letter of the serotype (A, AD and D) and an arabic number are combined to represent a single genotype. Within C. n. var. gattii the genotypes are designated as VGI to VGIV [39] .
FTÁ/IR spectroscopy
FT Á/IR spectroscopy utilized yeast cells subcultured and incubated twice on SD agar for 24 h at 308C. Cells were harvested and prepared for FT Á/IR measurements as already described for Candida species [46] . Briefly, 35 ml of a yeast cell suspension in distilled water was transferred to a ZnSe optical plate and dried to a transparent film under mild vacuum (2.5Á/7.5 kPa). All spectra between 500 and 4000 cm (1 were recorded on an IFS 28/B spectrometer (Bruker Analytik, Karlsruhe, Germany) equipped with a deuterated triglycerine sulphate detector. Nominal physical resolution was set to 6 cm (1 , a Blackman/Harris apodization was used for Fourier transformation and a zerofilling factor of 4 was applied to yield an encoding interval of approximately one data point per wavenumber. Spectral data were collected and evaluated with OPUS 3.0 software (Opus Software, Wetzikon, Germany). Data processing included calculation of second derivatives to minimize baseline problems and to enhance apparent resolution. For hierarchical cluster analysis, an unsupervised classification technique [40] , Ward's algorithm, was used to construct dendrograms. As a distance measure, Pearson's product moment correlation coefficient was used as defined previously [40, 49] .
Results
PCR fingerprinting results of C. n. var. neoformans
The different PCR fingerprinting profiles obtained for the 70 clinical isolates of C. n. var. neoformans generally correlated well with the serotypes. Therefore, we used the above-described genotype designations, which are based on the reliability of these correlations. For each serotype a predominant pattern was obtained, characterized by major bands, which were reproducible and stable over time, slightly varying in intensity (Fig.  1) . The major characteristic pattern of serotype A, observed in 85% of the clinical isolates, was defined as VNA1. It contained three prominent bands of 1200, 800 and 490 bp and two weakly amplified bands of 1080 and 540 bp. In the major characteristic pattern of serotype D, VND1, the 1080-and 540-bp bands as well as an additional 420-bp band were strongly amplified together with a weak band of approximately 1280 bp. The major characteristic profile of the intermediate serotype AD among the clinical isolates, designated as VNAD1, revealed a combination of the strongly amplified bands of the genotypes VNA1 and VND1 (Fig. 1A) .
Apart from the predominant molecular pattern within each serotype, one additional pattern was obtained in serotype D (designated VND2), as well as two in serotype A (VNA2, VNA3) and two in serotype AD (VNAD2, VNAD3) (Fig. 1B Á/D) . The patterns varied by one to three additional stable visible bands (e.g. a 740-bp band in genotype VNA2 or a 970-bp band in genotype VNA3). A 970-bp band was also detectable in profile VNAD2, whereas VNAD3 was characterized by another two bands of 390 and 1300 bp. VND2 differed from VND1 by an additional band of 690 bp. The bands of 1080 and 540 bp were constantly found in each molecular pattern. Special band combinations indicate a certain serotype. The 800-and 1200-bp bands are only found in serotype A and AD while the prominent 420-bp band is only found in serotype AD and D isolates. Varying intensities of amplified fragments within a genotype like the 540-bp fragment in sample no. 19 (Fig. 1B) were not considered as defining a separate type or subtype. In total, 12 bands were used for the definition of distinct genotypes. At least eight genotypes could be discriminated within the 70 clinical isolates tested. Isolates selected from different body regions of the same patient or at different times during the course of infection showed identical PCR fingerprinting profiles. For example, VNA2 was obtained from different body regions (CNS, respiratory tract and urogenital tract) in one patient. In another patient, VNAD1 was found in three different specimens. VNA2 was obtained from a patient from Germany and also in a patient from East Africa. VNA3 was identified exclusively in two isolates from Zimbabwean patients. In one case, the most frequent genotype, VNA1, was identified in an isolate from a patient who worked in a pet shop, as well as in an isolate from cage bird droppings to which the patient might have been exposed to [28] . The other two environmental isolates were genotyped as VNA1 and VNAD1.
Profiles VND2, VNAD1 and VNAD3 were only found in isolates from AIDS patients. Among the few isolates derived from non-AIDS patient genotypes, VNA1, VND1 and VNAD2 were identified. The eight VND1 isolates included two from a patient without AIDS with cutaneous cryptococcosis [50] . In contrast to the genetic and serotype heterogeneity of C. n. var. neoformans from Germany, the isolates from Zimbabwe, Zaire and Kenya yielded only VNA profiles, including all three genotypes VNA1 Á/VNA3. Two isolates from a Tongolese patient and a Cameroonian patient hospitalized in Germany were genotyped as VND1 and VNAD3. Where exactly these two patients had acquired their infections could not be clarified. The serotyping results, which were normally obtained prior to PCR fingerprinting, were confirmed by genotyping in 89% of cases (n 0/62). Serological re-identification was done in cases of discrepancy. This led to correction of the serotype classification in seven isolates and confirmed the PCR fingerprinting results. In one case serotyping did not correlate with genotyping. This isolate (Table 1, no. 58) was repeatedly serotyped as D, but unequivocally genotyped as VNAD3. It will be discussed later.
The genotypes we determined for the C. n. var. neoformans reference strains provided by M. A. Viviani and W. Meyer are compared with those obtained previously for these isolates in Table 1 (isolates 76Á/ 81, 83 and 84).
PCR fingerprinting results of C. n. var. gattii
All strains studied could be assigned to one of the four molecular types previously delineated by W. Meyer (Table 1) . Based on this correspondence, we used the nomenclature proposed by Ellis et al. [39] for C. n. var. gattii genotypes (Fig. 2) . In serotype B strains, each of the four profiles could be recognized, while in serotype C strains only profiles VGIII and VGIV were found ( Table 1 ). The genotype VGII was only detectable in Australian strain WM 178. Reproducible single major bands distinguished the four molecular types (Fig. 2) . The 850-bp band was present in all genotypes and the 1150-bp band was present in all but VGIII. VGIII featured a prominent band of 800 bp. Serotype B strains from Australian sources predominantly showed the VGI pattern, while those from the US sources showed profile VGIII. One clinical isolate from a German patient with a travel history to several continents was also identified as VGIII (Table 1 , no. 95). VGIII also characterized the three CBS strains serotyped as C; two of these strains were from the US. The African isolates (n0/7) of both serotypes exclusively yielded the VGIV profile.
FTÁ/IR spectroscopy
Grouping of the spectra obtained from cryptococcal isolates in distinct clusters was achieved by adjusting the number and combination of the spectral ranges contributing maximally to an optimized classification [49] . For typical microbial FT Á/IR spectra, five spectral windows have been defined that are often useful for 4 . Serotype B isolates yielded profiles VGI thoughVGIV. Serotype C isolates yielded only VGIII and VGIV. For isolate information see corresponding numbers in Table 1 . M: 100-bp DNA ladder. microbial differentiation [40, 43, 49] . The 3000Á/ 2800 cm Á 1 spectral range is commonly assumed to be dominated by fatty acid components of lipids. The region from 1700 to 1500 cm Á 1 primarily features proteins, while the 1500 to 1200 cm Á 1 region is dominated by lipids, carboxylic acid groups of free amino acids, amino acid side-chains of proteins and phosphate carrying compounds. The region from 1200 to 900 cm Á 1 primarily reflects the presence of phospholipids, carbohydrates, and phosphate-substituted oligo-and polysaccharides, including RNA and DNA. The region below 900 cm Á 1 is typically referred to as a true fingerprint region where exact assignment of patterns to particular cellular or molecular substructures is difficult. Using the information encoded in the 1471Á/1440 cm Á 1 and 812 Á/785 cm Á 1 ranges as input data for calculation of spectral distances, and then analysing these data by means of a cluster analysis, we obtained the dendrogram shown in Fig. 3 . It comprises more than 100 spectra of repetitively measured C. neoformans strains. In it, two main clusters can be seen that clearly separate C. n. var. neoformans and C. n. var. gattii strains into distinct groups. Three independent replicate measurements were done and gave highly reproducible results.
Within C. n . var. neoformans, no spectral ranges could be detected that would allow reliable identification or separation of isolates on the serotype or genotype level. In particular, the genotype VNAD1 Á/ VNAD3 isolates clustered together with the genotype VNA as well as with VND isolates. However, when serotype A isolates alone were analysed on the basis of data encompassing the ranges 1251 Á/1200, 1761 Á/1730, 1015Á/939, 1031Á/1010 and 982 Á/930 cm Á 1 , all equally weighted, the three genotypes VNA1-VNA3 could clearly be distinguished from one another (Fig. 4) . We performed a cluster analysis with six clinical isolates of genotype VNA1 that derived from three patients, and also included one environmental isolate connected with one of the patients. A clear separation of the individual isolates was found (Fig. 5) . For this analysis both the 1736Á/1664 and 1191Á/1165 cm Á 1 ranges were necessary to provide optimal resolution.
Analysing the VND1 isolates, including those derived from five German patients, resulted in well separated clusters containing the isolates from Germany, an isolate from Australia (WM 629; Table 1 , no. 84) and a US isolate (NIH B 3502, no. 83). These clusters were separated at heterogeneity levels of 160, 450 and 550, respectively (data not shown). The reproducibility of the FT Á/IR methodology can be estimated from the dendrograms in Figs. 4 and 5, which include results for three different measurements per individual strain. These measurements came from independent subcultures separated by days, weeks or even months.
For C. n. var. gattii , analysis of the four equally weighted spectral ranges, 811Á/785, 1100 Á/1055, 1345 Á/ 1294 and 1471Á/1440 cm Á 1 , resulted in a dendrogram clearly separating the strains of the serotypes B and C. The four serotype C isolates from Africa could be separated into two groups at a heterogeneity level of 1100 (data not shown). Discussion C. n. var. neoformans PCR fingerprinting with the primer (GACA) 4, analysing bands between 390 and 1300 bp in size, yielded nine genotypes, including genotype VNAD4 (found in strain CBS 132). At least 12 bands, 10 of them with discriminatory power, were included in the analysis. Within C. n. var. neoformans, genotyping correlated well with serotyping and even led to reproducible typing results in those cryptococcal isolates which had shown doubtful or switching serotypes in repeated tests. The high correlation of genotype with serotype allowed us to choose a genotype nomenclature consistent with this relationship. The observation that one C. n . var. neoformans isolate repeatedly failed to show a correlation between its serotype, serotype D, and its genotype, VNAD3, is similar to results obtained by Cogliati et al. [51] . These authors found that some C. neoformans isolates of serotypes A and D expressed fingerprinting profiles generally associated with serotype AD. The DNA contents, measured by flow cytometry, revealed that these strains were diploid, consistent with serotype AD. Similar results were obtained by Lengler et al. [3] in a laboratory cross of a serotype A and a serotype D strain. Six of the eight AD hybrids tested serotyped as D. Our conclusion is that, especially for serotype AD isolates, PCR analysis is more reliable and stable than serotyping.
Within the cryptococcal research community, the designation of C. n. var. neoformans molecular types obtained via (GACA) 4 fingerprinting is not uniform.
Each working group defines the genotypes differently. Differences among designations may reflect slightly varying molecular technical conditions, the range of bands included in the analysis, and the prevalence of the serotypes [20, 34] . The nomenclature proposed by the Australian scientists and their international collaborators [34, 39] starts with the molecular types VNI and VNII for serotype A, followed by VNIII characteristic for serotype AD and VNIV for serotype D. These categories are based on analysis of bands ranging from 2000 to 500 bp. The four molecular types so recognized correspond to our genotypes VNA1, VNA2, VNAD1 and VND1, as shown in Table 1 . In addition we found other distinct genotypes, namely VNA3, VNAD2, VNAD3 and VND2. This suggests that further distinct molecular types of C. n. var. neoformans may exist within the various serotypes.
The genotyping nomenclature of Viviani et al . [20, 52, 53] is based on four representative bands of 800, 540, 475 and 420 bp. These authors designated the genotypes VN1, VN3, VN4 and VN6, which correspond to genotypes VND1, VNAD4, VNAD1 Á/ VNAD3, and VNA1 in our study. The VN4 pattern of Viviani et al. was integrated in each of our VNAD profiles, VNAD1, VNAD2 and VNAD3. Our PCR fingerprinting results correspond in principle to those of Viviani et al . [20, 52] , but our analysis of a full range of molecular bands between 1300 and 390 bp expanded the number of clearly distinguishable profiles and increased the overall discriminatory power of (GACA) 4 fingerprinting. Our system for designating fingerprinting patterns makes it possible to compare typing results from different laboratories, including those performing only serotyping and those also or alternatively doing genotype studies. The proposed nomenclature is easily expanded to include new genotypes.
The present results suggest that even with a different thermal cycler model and slightly modified amplification conditions, comparable results could be obtained among laboratories, as evidenced by correspondence with results obtained by the Italian group [20,51Á/53] . The DNA preparation procedure described in our study is easy to perform and is less time consuming than other protocols. DNA purification using a commercial test kit requires no chloroform extraction and has caused no adverse side-effects. In our use of this method, we did not exclusively prepare high molecular DNA as was done by Meyer et al. [34] . The concentration of DNA polymerase, and probably the type of DNA polymerase as well as the primer concentration and quality may influence the results of DNA amplification. Varying of the DNA concentrations from 20 to 200 ng did not change the band profiles we obtained.
FT Á/IR spectroscopy readily separated the two traditional varieties of C. neoformans. This may support the proposed splitting of C. neoformans into two distinct species [5, 7] . When the three serotypes of C. n. var. neoformans were studied together, the information provided by FT Á/IR turned out to be too complex to allow distinct identification on a serotype or genotype level. However, when serotype A isolates were separately analysed, it was possible to distinguish among genotypes. This separation was mainly based on spectra of the carbohydrate and lipid components of the cell wall. Furthermore FT Á/IR proved to have a sufficiently high discriminatory power for an 'identity check' of cryptococcal isolates from the same patient (e.g. in follow-up studies or in studies investigating the sources of individual infections or outbreaks by comparing environmental and clinical isolates, as was recently demonstrated [47] .) Isolates selected from different body regions of an individual patient or at different times during the course of infection showed identical molecular fingerprinting profiles and a single FT Á/IR cluster strongly suggesting that each patient was infected by a single strain, as had also been suggested in previous studies [34] . Analysis of genotype VND1 isolates from various continents supports the existence of distinct geographical clusters. As with previous investigations [40 Á/43], our study, though still preliminary, suggests that FT Á/IR may be useful for epidemiological case studies, for larger screening experiments, and for tracing recurrent infections or detecting new ones.
In our study, typing results obtained with the various methods used proved to be highly informative in tracking the linkage between a C. neoformans isolate from a cryptococcosis patient who worked in a pet shop and an isolate from bird droppings in the same store. While serotyping and genotyping results were both consistent with the clonality of the two isolates, this identity was brought into question by FT Á/IR cluster analysis. Though clustering together (see Fig. 5 ), the patient and environmental isolates seemed too far apart to be identical. There are, however, no studies on whether continuing in-vivo passage or repeated subculturing of the same strain can cause variations to appear in capsular composition or in FT Á/IR spectra. It is known that the capsule becomes well developed during mouse passage or in human infections, but decreases in relative volume after repeated subcultures in vitro.
The FT Á/IR spectra of microorganisms cannot reveal phylogenetic relationships. However, these spectra 'express' a phenetic pattern of all cellular compounds. It has been shown that selection of spectral ranges (windows) and specific parameterization of the data prior to cluster analysis enables the elaboration of classification schemes that can be similar to those designed with the aid of conventional methods [46, 47] . This congruence could be seen in the present study in the clear separation of C. n. var. neoformans from C. n. var. gattii and serotype B from serotype C.
Our data leave open for discussion the topic of whether serotype A isolates can be distinguished as a separate variety, C. n. var. grubii. This new classification is based on the observation that considerable phylogenetic divergence can be inferred in DNA sequence comparisons and in RFLP clustering [1, 2, 54] . The proposal, however, ignores the intermediate serotype AD [21, 22] . As Lengeler et al. [3] and Chaturvedi [55] have reported, the diploid or aneuploid AD strains are a result of mating between serotype A and serotype D, that is, between C. n. var. grubii and C. n. var. neoformans. Recent studies on mating phero-mones in diploid AD strains showed that their MFa1 sequence was identical with the serotype A MFa1, while the MFa1 sequence was identical with that of serotype D [55] . Similar results were obtained by sequence analysis of a 537-bp fragment within the laccase gene [4] and by specific amplification of the mating type loci MATa and MATa [3] . Evidently, AD strains are hybrids. The heterogeneity of these strains is based on hybridization events that have occurred over millions of years [54] . Our PCR fingerprinting results showing four unique genotypes occurring within the AD strains tested substantiate the hypothesis that there is considerable genetic heterogeneity in AD isolates [4] . The use of molecular methods increased the detection of hybrid or diploid strains [6, 51, 52] assumed to be serotype AD, and use of flow cytometry was also useful in this regard.
The present study was primarily done for the reasons stated in the Introduction, and the strains studied thus do not statistically represent the prevalence of different genotypes in Germany. In an analysis of cryptococcal isolates from 50 patients hospitalized in Germany between July 1997 and December 2001, 32 isolates were genotyped as VNA1, seven as VND1, six as VND2, two as VNAD1, and one each as VNA2, VNAD2 and VNAD3. Three C. n. var. gattii isolates were identified as two representatives of VGIII and one of VGIV. Additional epidemiological data have been collected as a part of the ECMM survey [21] .
C. n. var. gattii
The delineation of four genotypes in C. n. var. gattii isolates, VGI Á/VGIV, is identical to the schema described by Ellis et al . [39] , even though different molecular bands were analysed. As already mentioned, the molecular types of C. n. var. gattii isolates did not correlate with the serotypes, in contrast to what was seen with C. n. var. neoformans. Serotype B contained strains with each of the four molecular patterns, while only the VGIII and VGIV patterns were detected in serotype C strains. On the other hand, the FT Á/IR spectra in C. n. var. gattii correlated strongly with the serotypes; this was again in contrast to results obtained with C. n. var. neoformans. An explanation may be that FT Á/IR in C. n. var. gattii predominantly reflects the composition of cell wall and capsular structures, i.e., materials inclusive of the antigens determining the serotypes. The combination of PCR-fingerprint-based genotyping and phenotypic characterization has a higher discriminatory power in epidemiological studies than any known single typing method possesses. Despite the limited number of C. n . var. gattii strains in this study, our results show a pattern matching the known geographical distributions of certain genotypes [6, 39, 56] : in particular, all clinical serotype B and C isolates from Africa belonged to genotype VGIV. Serotype C was recently described as an agent of cryptococcal meningitis in AIDS patients in South Africa [57] .
Several C. n. var. gattii strains that had previously been studied by AFLP analysis [6] showed similar clustering patterns in the present study. The genotype VG1 in our system corresponds to AFLP genotype 4B, while our genotype VGIII corresponds to AFLP genotype 5. Isolates in the latter group predominantly originate from US [6] . Interestingly, our finding that an isolate from a German patient who had travelled to Tunisia and California [58] was genotype VGIII suggests that the cryptococcosis in this case was acquired in the US. ITS sequencing disclosed ITS type 'America-1' as defined by Imai et al. [56] . Because C. n. var. gattii is relatively virulently pathogenic and because it is increasing its global range (e.g. when known associated Eucalyptus species are exported from source areas to new countries with a Mediterranean climate), an easy-to-perform typing method with excellent interlaboratory reproducibility is of high interest and importance. PCR fingerprinting is clearly a highranking contender for use as a standard technique with this variety as it is with C. n. var. neoformans, and its regular use will doubtless prove to be of high clinical and epidemiological importance.
